The chromosomal location of the mobile element mdg-1 was studied in 17 highly-inbred lines of Drosophila melanogaster. Although some lines were stable for their pattern of insertion sites from the 15th to the 27th and 35th brother-sister generations, others showed a high rate of gain of new insertion sites or a high rate of excision (loss of elements). In one line, 8 new insertion sites on the third chromosome were associated with an inversion on this chromosome; there is evidence that the rearrangement occurred premeiotically, thus suggesting a "transposition burst" in this line. There was no correlation between the rate of gain of new insertions and the rate of excision, this latter rate being higher. We have strong evidence that transposition is replicative. Excisions and, to a lesser extent, gains of insertions have been found to be copy-number dependent, suggesting that this is a main mechanism for copy-number regulation. Most inbred lines tended toward an optimal mdg-1 copy number for which they no longer showed transposition or excision (they became stable). These results may explain the instability sometimes reported in inbred lines.
INTRODUCTION
It is now well established that the genome of eukaryotes contains many mobile DNA sequences.
Their role in the organism is, however, far from being elucidated and only their influence on mutation rates and chromosomal breakages (Green, 1976; Berg, Engel and Kreber, 1980; Brégliano et a!., 1980; Kidwell, 1983; Engels and Preston, 1984) and hence on the genetic load (Mukai and Yukuhiro, 1983; Biémont et al., 1985) is widely accepted. Very little is known about the regulation and control of transposition. The transposition rate is estimated to be around io; higher values are observed only in the offspring of matings between certain strains of Drosophila melanogaster (the hybrid dysgenesis phenomenon: Engels and Preston, 1981; Thompson and Woodruff, 1981; Bingham et al., 1982; Brégliano and Kidwell, 1983; Gerasimova et al., 1984) . We also have evidence against a high rate of transposition under "normal conditions" (Young and Schwartz, 1981; Pierce and Lucchesi, 1981) and against a generally high mutation rate on highly homozygous lines (Woodruff et a!., 1984; Junakovic et aL, 1984) . However, highly inbred populations of Drosophila may show genome reshuffling when submitted to mass matings (Belyaeva et a!., 1982) and inbred lines of maize may have unstable mutations produced by the Mu transposable element (Strommer, 1983) .
We show here, by in situ hybridisation on salivary gland chromosomes of Drosophila melanogaster, that some highly inbred lines had a high incidence of transpositions or excisions of the mdg-1 mobile element, though other lines remained stable; this phenomenon depended on the mdg-1 copy number of the genome of the lines. MATERIALS It was verified that the number and location of mdg-1 elements were constant between different nuclei of the same salivary gland.
RESULTS
Distribution pattern of mdg-1 elements Figure 1 presents the distribution pattern of mdg-1 along the chromosomes for the 17 inbred lines analysed at the 15th generation. Two to three larvae were analysed for each of these 17 lines; it was found that, for a given generation, the pattern of hybridisation was identical for every individual of a particular line. For all the 17 inbred lines, 315 insertions were detected on 113 cytologically distinguishable labelled sites. As already reported for mdg-1 element, there are some regions of the chromosomes in which more insertions were found than in others; these regions appeared to be the same regardless of the population studied (Belyaeva et a!., 1984; Biémont et cii., 1985; Biémont, 1986) . Many sites appeared in high frequency (19F, 22A, 52A, 53AB, 67F, 73B, 82F, 92DE, 96F) and may represent hot spots. This is also reflected in fig. 2 , which represents the number of occurrences of mdg-1 mobile elements (the frequency spectra) in the 17 inbred lines (i.e., on 17 gametes chosen randomly from the initial population).
. • . Number of sites per inbred line excision. There was no correlation between the two rates, and the average values of transposition was lower than that of excision (T = 0i9, E = 027 per genome, per generation, from the 15th to the 27th generation; T = 006, E -018, from the 27th to the 35th generation). Among the sites that excised or appeared, some were unique sites (seen only in one line) and some were revealed in most of the lines. This suggests that deletions or insertions were at random, at least among the sites susceptible to have an element.
The absence of a relation between rates of gain and excision is in favour of the hypothesis that line instability does not concern transposition and excision simultaneously; therefore, instability was not an intrinsic characteristic of the line. Indeed, as shown in fig. 3 , the rates of excision per generation (calculated over a 10 generation period) were directly correlated with the copy number of elements of the lines (the data are those from the tables 2 to 5; Spearman rank correlation coefficients, r=078, P<0.001 and r=087, P< The relationship between the rates of gain of sites and the copy number of mdg-1 was not so clear and the Spearman correlation coefficients were not statistically significant (r = O17 and r = O34 for the periods from the 15th to the 27th generations and from the 27th to the 35th generations, respectively). However, the highest rate values were observed in lines having a few copy number of elements. Everything took place as if the copy number of elements of a line tended toward a value, which was a characteristic of the population and not of the line itself. Hence, when the lines had a number of mdg-1 insertions higher than this value, they showed a high rate of excision, so as to lower their copy number; lines with copy number close to this value were stable (lines 8 and 12 from the generation 15, and line 3 at generation 27), and lines with too a small copy number exhibited a high rate of insertion without excision. From these results, we conclude that excision rate of the mdg-1 mobile elements was copy-number dependent. The fact that the role of the copy number of elements was evident for regulating excisions and less clear for insertion rate may be explained by the low average number of elements the lines tended to attain (see fig. 4 ). Indeed, at the 15th number of elements at the 15th generation, the insertion rates were low while the excision rates were high. Of course, when excision and insertion rates are low, we cannot discard sampling error to explain such results. However, since such observation cannot be due to in situ hybridisation resolution (many nuclei of the same gland were compared, and they always showed the same mdg-1 location pattern), it may reflect heterogeneity in the insertion pattern between individuals of a line.
Such heterogeneity could be due to residual heterozygosity within the lines, or to loss or new insertions of elements. Of course, as the level of inbreeding increases, the second explanation is more likely than the first. Note, indeed, that a theoretical probability of heterozygosity at any unselected locus of the inbred lines is about 0007 at the 20th generation of inbreeding.
One striking point arises with the line 18, which showed, from the 15th to the 27th generation, a high rate of gain of new insertions. generation, most of the lines had a number of labelling sites higher than the "optimal" value and thus may have had excisions to reduce the number until this optimal value was reached. Only a few lines had a copy number much smaller than the optimal value; these lines showed high transposition rates in succeeding generations, but this was too few a number of lines to make a correlation evident between insertion rate and copy number of elements (see fig. 3 ). One can argue that the results are only artefactual, for example as the result of technical and sampling errors. In such cases, the chance of observing new insertions or excisions might 
CONCLUSION
It is now well established that many organisms contain different families of mobile elements, which have been shown to enhance the incidence of inversion, deletion and duplication of adjacent DNA sequences (Nevers and Saedler, 1977) . These families are frequently associated with chromosomal rearrangements (Roeder and Fink, 1980; Engels and Preston, 1981; Shapiro, 1979) and are responsible for regulatory mutations in different organisms (Rubin eta!., 1982; Tsubota etaL, 1985 suggesting that P copy number and also the genomic location may, in some cases, be critical in P element regulation (Kidwell, 1985; Engels, 1984; Voloshina and Golubovsky, 1986) .
Moreover, although individuals from natural populations differ in localisation of the elements (Montgomery and Langley, 1983; Belyaeva et a!., 1984; Biémont et a!., 1985; Biémont, 1986) , it seems that inbred lines localisation of the elements is stable over time (Pierce and Lucchesi, 1981) . We have shown here that (a) transposition Outbursts, (b) high rates of new insertions and excision (0.27 new insertions per chromosome per generation in line 18, see table 2; 024 losses of elements per chromosome per generation in line 9, see table 3), (c) chromosomal rearrangements, and (d) copynumber regulation of the rate of excision and transposition, are not appanages of hybrid dysgenesis only but can also be observed in inbred lines established from a natural population. Moreover, it appears that rates of gain of insertion and rates of excision are not correlated: a high gain rate does not involve a simultaneous high rate of excision. In agreement with some assumptions, this strongly suggests that transposition is replicative (Simmons and Karess, 1985) such that the original copy is retained whilst a new insertion appears.
Our results illustrate the classical assumption that inbred races and lines may possess mechanisms that prevent reaching complete homozygosity by close inbreeding (Gowen, 1964);  and the presence of a mutator factor has been supputed to explain instability in certain inbred lines (Guillaumin and Petit, 1961; Petit, 1963) . The instability in some of our lines is due mainly to their tendency to regulate their number of mdg-1 elements, which was in general initially high as a result of genetic segregation in the first generations of inbreeding. As soon as the lines attain a copy number of elements close to the "optimal value", they become stable. This is compatible with the classical observation that lines with high mutation rates show rate reduction over time in the laboratory (Muller, 1941; Woodruff et aL, 1984) .
